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Polymorphic light eruption (PLE) is a highly prevalent pho-
tosensitivity condition, yet the pathogenesis remains uncer-
tain. There is evidence of a genetic basis, with a substantial
environmental component, although a culprit gene has not
been identified. Most interest has concerned a postulated
underlying immune basis, involving T cell-mediated re-
sponses. Recent reports of some intriguing observations
have served to highlight the likely complexity of the aetiol-
ogy of PLE.
The delay between sun-exposure and manifestation of
PLE rash first led Epstein (1942) to suggest that the con-
dition could represent a delayed type hypersensitivity (DTH)
reaction to a putative photoallergen. This was later sup-
ported by the immunohistochemical studies of Norris et al
(1989), who observed that UVB exposure of the non-lesional
skin of PLE subjects resulted in an initial influx of CD4þ T
lymphocytes, followed by CD8þ T cell infiltration, a pattern
seen in DTH reactions. Further support for the existence of
a photoallergen was provided by Gonza´lez-Amaro et al
(1991), who observed the in vitro stimulation of autologous
mononuclear cells by UVR-exposed epidermal cells from
PLE subjects.
Since UVR-induced immunosuppression is a consistent
finding in healthy skin, it is speculated that a role of this
process is to protect the skin from UVR-induced photoal-
lergens. Following from this theory, susceptibility of individ-
uals to PLE could arise from a failure of normal UVR-
induced immunosuppression. Ko¨lgen et al (1999) reported
their novel observation that the skin of PLE patients was
less susceptible to UVB-induced migration of CD1aþ Lan-
gerhans cells (LC). Following a 6 MED dose of UVB, there
was a significant failure of LC to migrate from the epidermis
of PLE compared with healthy subjects. These investigators
also found a significant reduction in UVB-induced infiltration
by CD11bþ macrophage-like cells in PLE compared with
healthy skin, which was felt to represent a significant finding
in view of the prominent role of these cells in secretion of the
immunosuppressive cytokine IL-10 (Ko¨lgen et al, 1999).
Functional studies examining DTH responses in PLE
have very recently been reported (Palmer and Friedmann,
2004; van den Pas et al, 2004). van de Pas et al (2004)
showed a reduction in SSR-induced suppression of the
DTH response to dinitrochlorobenzene (DNCB) in PLE com-
pared with healthy subjects. There was a narrow window for
this effect, with a significant difference found between the
subgroups irradiated with 1 MED SSR, but not those ex-
posed to 0, 0.6, or 2 MED. Palmer and Friedmann (2004)
measured the strength of sensitization to DNCB after 1 MED
of UVR, and to diphenylcyclopropenone (DPCP) without
UVR exposure, as performed in the same healthy and PLE
subjects. Intra-subject comparison revealed a significantly
stronger response to UVR-DNCB relative to the response to
DPCP, in the PLE subjects compared with the healthy sub-
jects. Hence, PLE subjects were relatively resistant to UVR
suppression of induction of sensitization by DNCB.
Since the above studies have used MED-based doses of
UVR, and populations of PLE subjects show MEDs towards
the lower end of the normal range, could these differences be
explained by a lower UVR dose applied to the PLE subjects?
In the study of Ko¨lgen et al (1999), lower UVB doses were
given to PLE than healthy subjects, although it was found
that there was no correlation between LCmigratory response
and applied UVB dose. In the work of van den Pas et al
(2004), significantly lower SSR doses were given to the sub-
group of PLE patients randomized to receive the 1 MED
dose, whereas subject groups in the study of Palmer and
Friedmann had the same median MED and were given the
same absolute dose of UVR. It remains a possibility that dif-
ferences in the UVR doses applied might make a contribution
to the differences in observed effects between PLE and
healthy subjects in some studies. Unresolved issues include
the relative effects of UVR-suppression using sources with
different UVB/UVA emission spectra; the potential for differ-
ent responses between PLE subjects provoked by UVB and/
or UVA; and the significance of responses elicited with the
use of supra-physiological versus physiological UVR doses.
A new observation is reported by Schornagel et al (2004)
in this issue of the Journal. In an immunohistochemical
study of the UVB-exposed skin of five PLE patients and six
healthy subjects, they found that significantly fewer ne-
utrophils infiltrated the skin in PLE. This study again used a
MED-related UVR dose, i.e., 3 MED, but the MEDs were
identical between PLE and healthy groups. Skin sampled
at 3, 6 and 18 h post UVB, and from an unexposed site,
showed apparent differences in the number of elastase-
positive cells at 6 and 18 h post UVB, and this reached
statistical significance at the 18 h time-point. To assess for a
potential underlying integral defect of neutrophil function,
Schornagel et al (2004) tested the responses of peripheral
blood neutrophils to chemotaxins IL-8 and C5a, and exam-
ined neutrophil cell surface expression of several markers
involved in adhesion and chemotaxis. No differences were
detected between the peripheral blood neutrophils of PLE
and healthy subjects. In the skin, further immunohisto-
chemical assessment showed that endothelial adhesion
molecules E-selectin and ICAM-1 were induced at 6 and
Copyright r 2004 by The Society for Investigative Dermatology, Inc.
xiii
18 h following UVB exposure, in both PLE and healthy sub-
jects, while the powerful neutrophil chemokine IL-8 was not
examined. No significant differences were reported, but the
subject groups were very small, and an apparent reduction
in E-selectin expression in those with PLE may have missed
statistical significance. These novel findings suggest that
defects in neutrophil, as well as mononuclear cell, respons-
es to UVR exposure may underlie the pathogenesis of PLE.
This preliminary finding needs confirmation, alongside
further exploration of both the mechanisms and the con-
sequences of a reduced neutrophilic infiltrate in PLE.
Interestingly, in the study of Ko¨lgen et al (1999), the
CD11bþ cells infiltrating the UVB-exposed skin of healthy
subjects appeared to be of 2 populations, some double-
staining with the pan-macrophage marker CD68, while the
majority were CD68 negative. In contrast, the few CD11bþ
cells that infiltrated the UVB-exposed skin of PLE subjects
were all CD68 positive. Therefore in this earlier study, it is
conceivable that at least a portion of the missing CD11bþ
CD68 cells in UVB-exposed PLE skin were again neutro-
phils, supporting the findings of the current work.
The report of Schornagel et al (2004) suggests that a role
for neutrophils in the pathogenesis of PLE, and possibly
other UVB-induced skin pathology, may have been previ-
ously largely overlooked. Although most studies of PLE
pathogenesis have focused on T cell responses, neutro-
philic infiltration in PLE skin has been reported (Norris
et al, 1992). Norris et al (1992) demonstrated that vascular
endothelial E-selectin was observed at 5 h after UVB ex-
posure of skin and peaked at 24-72 h, while ICAM-1 ex-
pression also began at 5 h and was strong at 72 h to 6 days.
This was accompanied by significant infiltration by both
neutrophils and lymphocytes, with lymphocytes predomi-
nant at later time points; however, data from healthy and
PLE skin were not compared. A wider role for neutrophils in
UVB-induced skin pathology is supported by the recent
study of Teunissen et al (2002), who found that exposure of
human skin to UVB induced an infiltrate of IL-4 secreting
neutrophils. In keeping with previous reports, a dermal influx
of neutrophils occurred within a few hours of UVR exposure
and became maximal at 24 h; in addition, an epidermal
neutrophilic infiltration was seen to commence at 24 h and
peak at 48-72 h following UVR. The identity of the cells was
supported by their expression of CD15 and CD11b but not
CD36, their association with elastase, and possession of a
multilobed nucleus. The UVR-induced IL-4 was of sufficient
quantity to be measured in suction blister fluid, although of
course, the cell of origin cannot be determined with this
technique. Furthermore, dermal cell cultures from UVR-
exposed skin, in contrast to unexposed skin, induced a
predominant type 2 response in the T cells present, which
was abolished by removing the CD15þ cells from the
dermal cell suspension before culturing.
A shift in the skin milieu towards a reduced ratio of Th2/
Th1 activity could be an early feature in the pathogenesis of
PLE. Although, Th1 cytokines IL-2 and IL-12 are pro-in-
flammatory, Th2 cytokines IL-4 and IL-10 are potent medi-
ators of immunosuppression. These cytokines may be
secreted by a range of cells, while substantial evidence
points to the pivotal role of keratinocytes and the studies of
Teunissen et al (2002) and Ko¨lgen (2003) suggest that neu-
trophils may contribute. Ko¨lgen (2003) made a comparative
assessment of the immunohistochemical expression of
UVB-induced pro-inflammatory and immunosuppressive
cytokines in PLE and healthy skin. It was found that TNF-
a, IL-4, and possibly IL-10 expression were reduced in
UVB-exposed PLE skin compared with exposed healthy
skin. Reduction in TNF-a, an important trigger for Lan-
gerhans cell migration, might account for the findings of
previous studies in PLE. Furthermore, there were indica-
tions that the differences between healthy and PLE subjects
might be attributable to differences in cytokine secretion by
neutrophils. Hence, a relative reduction in UVB-induced
neutrophilic infiltration, as now reported in PLE patients
(Schornagel et al, 2004), could support a less immunosup-
pressive environment.
In conclusion, it is conceivable that abnormalities in both
neutrophil and mononuclear cell activity could underlie the
pathogenesis of PLE. The observed defect in neutrophil in-
filtration might be an early feature in the pathogenesis, their
altered cytokine production influencing LC migration. Ab-
normal responses might also occur in parallel in different
cell types to contribute to an altered Th2/Th1 cytokine pro-
file in PLE skin. Reduced UVR-induced IL-4 secretion seen
in PLE subjects might be responsible for downregulation of
TNF-a induction of LC migration and E-selectin expression,
and for reduced induction of immunosuppressive cytokine
IL-10. Defects in the multifunctional, autocrine and chemo-
tactic mediator TNF-a could contribute to several of the
effects seen. Polymorphisms for TNF-a and other pro-in-
flammatory cytokines have not so far been identified in PLE.
Further studies should confirm whether differences exist in
the UVR-induced cytokine profile in PLE and healthy skin
using quantitative techniques, e.g., assessing mRNA with
quantitative RT-PCR; to confirm the identity of the cell po-
pulations involved; and to examine further whether differ-
ences exist in adhesion molecule expression. With such a
wide range of possible abnormalities manifesting in PLE,
examination for the underlying defect might also go further
upstream. For example, differential UVR-activation of the
transcription factor, nuclear factor kappa B (NF-kB), might
be involved, since NF-kB regulates genes involved in a wide
range of inflammatory and immune processes, including
cytokine production, induction of inflammatory enzymes
and adhesion molecule activation (Manning et al, 1995).
DOI: 10.1111/j.0022-202X.2004.22733.x
References
Epstein S: Studies in abnormal human sensitivity to light. IV. Photoallergic con-
cept of prurigo aestivalis. J Invest Dermatol 5:289–298, 1942
Gonza´lez-Amaro R, Baranda L, Salazar-Gonza´lez JF, Abud-Mendoza C, Mon-
cada B: Immune sensitisation against epidermal antigens in polymor-
phous light eruption. J Am Acad Dermatol 24:70–73, 1991
Ko¨lgen W: Unravelling the pathogenesis of polymorphous light eruption. A com-
parative study in patients with polymorphous light eruption and healthy
individuals. PhD Thesis, University of Utrecht, 2003
Ko¨lgen W, Van Weelden H, Den Hengst S, et al: CD11bþ cells and ultraviolet-B-
resistant CD1aþ cells in skin of patients with polymorphous light erup-
tion. J Invest Dermatol 113:4–10, 1999
xiv RHODES THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
Manning AM, Bell FP, Rosenbloom CL, et al: NF-kappa B is activated during
acute inflammation in vivo in association with elevated endothelial cell
adhesion molecule gene expression and leukocyte recruitment. J Inflamm
45:283–296, 1995
Norris PG, Barker JNWN, Allen MH, Leiferman KM, MacDonald DM, Haskard DO,
Hawk JLM: Adhesion molecule expression in polymorphic light eruption.
J Invest Dermatol 99:504–508, 1992
Norris PG, Morris J, McGibbon DM, Chu AC, Hawk JLM: Polymorphic light
eruption: an immunopathological study of evolving lesions. Br J Dermatol
120:173–183, 1989
Palmer RA, Friedmann PS: Ultraviolet radiation causes less immunosuppression
in patients with polymorphic light eruption than in controls. J Invest
Dermatol 122:291–294, 2004
Schornagel IJ, Sigurdsson V, Nijhuis EHJ, Bruijnzeel-Koomen CAFM, Knol EF:
Decreased neutrophil skin infiltration after UVB exposure in patients with
polymorphous light eruption. J Invest Dermatol 123:202–206, 2004
Teunissen MBM, Piskin G, di Nuzzo S, Sylva-Steenland RMR, de Rie MA, Bos JD:
Ultraviolet B radiation induces a transient appearance of IL-4þ ne-
utrophils, which support the development of Th2 responses. J Immunol
168:3732–3739, 2002
van de Pas CB, Kelly DA, Seed PT, Young AR, Hawk JLM, Walker SL: Ultraviolet-
radiation-induced erythema and suppression of contact hypersensitivity
responses in patients with polymorphic light eruption. J Invest Dermatol
122:295–299, 2004
NEUTROPHILS IN POLYMORPHIC LIGHT ERUPTION xv123 : 1 JULY 2004
